Abstract: Recent studies have demonstrated that dietary plants are rich source of antioxidants and can contribute to the protection from age-related diseases. The aim of our study was to determine the total antioxidant capacity of extracts from different kinds of fruits and vegetables, and to examine their inhibitory effect on the oxidative damage to proteins in vitro. For determination of antioxidant capacity we used two direct methods. Among the food materials chosen for the present study, blueberries and red beets gave the maximum antioxidant activity. The lowest activity was determined in pears and green beans. Some extracts were more active in one method, while their activity was lower using the other method. To investigate inhibitory effects of fruits and vegetables extracts on the oxidative damage to proteins in vitro, we induced the oxidative damage to plasma proteins by sodium hypochlorite leading to formation of carbonyl compounds detected by spectrophotometric method. All extracts of fruits and vegetables showed inhibitory activity on the oxidative damage to proteins with raspberries and leek as most effective. Results of this study will be useful as an aid for dietary choices to increase antioxidant intake and will allow the investigation of the relation between dietary antioxidants and oxidative stress-induced diseases.
Introduction
According to epidemiological studies, non-healthy diet is the most frequent risk factor for incidence of degenerative diseases like cancer and cardiovascular disease (Kinsella et al., 1993; Lampe, 1999) . Evidence suggests that increased consumption of fruits and vegetables contributes to improved health and well-being. Fruits and vegetables are recognized sources of a number of nutrients that may interact to reduce LDL cholesterol (soluble fibre and plant sterols) (Miettinen & Gylling, 1999) , blood pressure (lower Na/K ratio) and homocysteine (Boushey et al., 1995) , and to improve antioxidant status (Mulholland et al., 1996; Borek, 2006; Dragsted et al., 2006) and endothelial function (Brown & Hu, 2001) . Antioxidants appear to play a major role in the protective effect of plant foods (Gey, 1990; Gey et al., 1991; Willett, 1994) . The lack of antioxidants is associated with complications of many diseases. Depletion of antioxidants can occur from various reasons: diminished dietary intake of antioxidants, limited absorption of these compounds (e.g. Crohn disease), environmental pollution, smoke, traumas, renal dialysis and many other reasons. Lower antioxidant levels were detected in chronic renal insufficiency (Ceballos-Picot et al., 1996) . In patients with insulin independent diabetes mellitus, decreased levels of SOD, catalase, glutathione, vitamin C and E in plasma and erythrocytes were detected during the first two years of diagnosis (Liptáková et al., 1998; Muchová et al., 1999; Országhová et al., 2000) . The growing interest in the substitution of synthetic food antioxidants by natural antioxidants and in the health implications of antioxidants as nutraceuticals has fostered research on fruit and vegetable sources and the screening of raw materials for identifying antioxidants. Many methods have been developed to monitor the total antioxidant capacity (TAC) in biological samples (Whitehead et al., 1992; Ghiselli et al., 1994; Rice-Evans & Miller, 1994; Benzie & 280 I. Žitňanová et al. Strain, 1996; Alho & Leinonen, 1999; Cao & Prior, 1999; Re et al., 1999; Erel, 2004; Prior et al., 2005; Ozgen et al., 2006) . These assays differ in their chemistry: generation of different radicals and/or target molecules and in the way the end points are measured (Schlesier et al., 2002) .
The aim of the present work was to evaluate the total antioxidant activity of selected fruit and vegetable extracts in order to obtain data useful for determining the potential intake of antioxidants. To this aim, two direct methods were selected: total antioxidant status (TAS) and ferric reducing-antioxidant power (FRAP), and one indirect method: inhibition of oxidative damage to plasma proteins by antioxidants present in extracts of fruits and vegetables. These assays, based on different chemical mechanisms, were selected to take into account the wide variety and range of action of antioxidant compounds present in actual foods.
Material and methods

Chemicals
The 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), 2,2'-azino-bis-(3-ethyl-benzthiazoline-6-sulphonic acid) diammonium salt (ABTS), 2,4-dinitrophenyl hydrazine (DNPH) and sodium hypochlorite were purchased from Sigma-Aldrich (Germany). 2,4,6-tripyridyl-s-triazine (TPTZ) was obtained from Fluka (Germany). All other chemicals and solvents were of HPLC or analytical grade and purchased from Lachema (Czech Republic).
Samples
Fruits and vegetables: fruits (blueberry, raspberry, red currant, kiwi fruit, red grapefruit, orange, banana, red Delicious Golden apple, lemon, tangerine, plum, pear) and vegetables (red beet, leek, Brussel sprout, cabbage, garlic, yellow onion, potato, pea, carrot, kohlrabi, celery, green bean, parsley) were purchased at the local supermarket and the edible portions were analysed. After washing and cutting, 10 g of each food and 90 g of water was mixed and homogenized in a high-speed blender. Obtained homogenates were centrifuged at 4500 × g for 5 min and the supernatants collected and stored at −80 • C. All food extracts were adequately diluted (depending on their activity) and analysed in triplicate for their antioxidant capacity.
Plasma sample: blood sample was obtained from a healthy female volunteer by venepuncture into heparinized tubes and centrifuged at 1200 × g for 10 min for plasma collection. Immediately after centrifugation plasma was stored at −80
FRAP (ferric reducing-antioxidant power) assay The FRAP was assessed according to BENZIE & STRAIN (1996) . The method is based on the reduction of the Fe
3+
-TPTZ complex to the ferrous form at low pH (pH 3.6). This reduction is monitored by measuring the absorption change at 593 nm. Briefly, the reaction mixture contained FRAP working solution (900 µL) and Trolox standard or sample (30 µL). FRAP working solution prepared daily consisted of 0.3 M sodium acetate buffer, 0.01 M TPTZ and 0.02 M FeCl3 (10:1:1, v/v/v). The absorbance was detected at the wavelength of 593 nm (spectrophotometer Biochrom 4060, Pharmacia LKB Biochrom Limited, England) until it reached a stable value (10 min). Relative antioxidant activities expressed in mmol of Trolox per litre were determined by comparing the absorbance of the sample with absorbances from the Trolox calibration curve.
TAS (total antioxidant status)
Detection was performed on an automated analyser Cobas Fare using the kit furnished by Randox Inc. TAS test is based on the original TEAC (Trolox Equivalent Antioxidant Capacity) method published by MILLER et al. (1993) .
The test (TAS, Randox, UK) is based on the detection of the antioxidant ability to scavenge the radical cation 2,2'-azino-bis(3-ethyl-benzthiazoline-6-sulphonate) (ABTS .+ ).
ABTS
.+ radical has a green-blue color, it can be detected at 660 nm and is formed by mutual reaction of ABTS with a ferrylmyoglobin radical. The ferrylmyoglobin radical is produced by the reaction of metmyoglobin with hydrogen peroxide. In the presence of antioxidants the absorption of ABTS .+ is inhibited. This inhibition was compared with that of Trolox.
Inhibition of protein oxidation by extracts of fruits and vegetables
To investigate the effect of extracts of fruits and vegetables on the oxidative damage to plasma proteins, plasma (100 µL) was incubated with a fruit or vegetable extract (100 µL) at 37
• C in dark for 30 min. Controls contained only plasma (100 µL) and distilled water (100 µL). Oxidative damage to plasma proteins was induced by adding 11 mM NaOCl (20 µL) to the control and to the sample and incubated for 30 min at 37
• C. To determine the levels of carbonyl compounds formed during oxidation of proteins, the spectrophotometric method described by REZNICK & PACKER (1994) was used. Briefly, after incubation of plasma with extracts and NaOCl, plasma samples were divided into two portions (blank and sample). Ten mM dinitrophenyl hydrazine (DNPH) (80 µL) dissolved in 2.5 M HCl (320 µL) was added to the sample, while only 2.5 M HCl (320 µL) was added to the blank. Both tubes were incubated for 45 min at room temperature. In order to precipitate proteins, 20% trichloroacetic acid (400 µL) was added to the tubes and centrifuged for 10 min at 1000 × g. The sediment was rinsed 4 times with ethanol:ethyl acetate (1:1, v/v) (400 µL). After the final rinse, the samples and blanks were centrifuged for 10 min at 2000 × g and the sediment was dissolved in 6 M guanidine (600 µL). The absorbance of the solution was read at 280 nm to determine the plasma protein concentration and related to the standard solution of the bovine serum albumin. Carbonyl content was determined from absorption at 370 nm (maximum) and 320 nm (minimum). To calculate nmol of carbonyls/mL, the following formula was used:
where ε = 22 000 mol −1 cm −1 L is the molar absorption coefficient of dinitrophenyl hydrazine.
Statistical analysis
All measurements were performed at least in triplicate and values were averaged. Means ± standard deviations are shown in figures. The variation in the TAS and FRAP values for replicates was always less than 10% relative standard deviation (RSD). 
Results
The TAC of a variety of fruit and vegetable extracts was evaluated using three different assays. Two methods used for the assessment of antioxidative activity rank among the direct methods. TAS evaluates elimination of a synthetic radical and FRAP method is a chemical method based on evaluation of redox properties. The third method is an indirect method testing the ability to inhibit the oxidative damage to plasma proteins. The food extracts had different antioxidant capacities in relation to the method applied, the same item often ranked differently depending on the assay. The values of TAC of fruits and vegetables obtained by FRAP and TAS methods are shown in Figures 1 and 2 .
Antioxidant capacity of fruit extracts By FRAP and TAS assays we found the highest antioxidant capacity in blueberries which are known for their high levels of vitamin C and polyphenolic com- Fig. 3 . The ability of fruit extracts to inhibit the formation of carbonyl compounds in plasma after NaOCl-induced oxidative damage to proteins. Each value is a mean ± standard deviation.
pounds. The order of other fruit extracts correlated well in both methods (FRAP/TAS r = 0.915) even though the antioxidant levels in mmol of Trolox/g of fruit were slightly different (Fig. 1) . Raspberries and red currants scavenged ABTS .+ radical (TAS) most rapidly and they also reduced Fe 3+ (FRAP) very effectively, while kiwi, red grapefruit, orange, banana, apple, lemon, tangerine and plum showed much lower antioxidant capacity. The lowest antioxidant capacity was found in pears.
Antioxidant capacity in extracts of vegetables Antioxidants able to reduce Fe
3+ to Fe 2+ (FRAP) were most active in Brussel sprout (Fig. 2) . Lower activity was detected in red beet, cabbage, onion and garlic. The lowest activity was found in green bean.
Antioxidants able to scavenge ABTS .+ radical (TAS) were most abundant in red beet, then in onion, garlic, Brussel sprout, leek, cabbage, potato and peas. The lowest antioxidant capacity was detected in carrot, kohlrabi and green bean.
Inhibition of oxidative damage to plasma proteins by antioxidants present in extracts of fruits and vegetables
We compared protein carbonyl levels in the control (plasma with NaOCl, without an extract) with the sample (plasma with NaOCl and the extract). Based on our results (Fig. 3) we can assume that raspberries are the most potent inhibitors of the oxidative damage to proteins, followed by white grapefruit, banana and plum. Orange, lemon, apple, blueberries, red currant and kiwi were not very effective, and the red grapefruit was the least effective inhibitor.
Concerning the vegetable extracts the highest inhibition was detected in leek, Brussel sprout and cabbage, followed by carrot, garlic, potato and others (Fig. 4) . The extracts from parsley and broccoli were the least effective. Fig. 4 . The ability of vegetable extracts to inhibit the formation of carbonyl compounds in plasma after NaOCl-induced oxidative damage to proteins. Each value is a mean ± standard deviation.
Discussion
The present analyses of dietary plants demonstrated that there is manifold difference between total antioxidants in various dietary plants. Our study demonstrated that not only fruits but also vegetables, such as red beet, Brussel sprout, onion and garlic are also good sources of antioxidants.
In general, fruits possess higher TAC than vegetables. From fruit extracts, berries had the greatest antioxidant capacity, with blueberry being the most effective. Its high antioxidant capacity, in agreement with the literature (Kähkönen et al., 1999; Kalt et al., 1999; Halvorsen et al., 2002) is likely due to the high content of phenolic acids and flavonoids, such as anthocyanins (Macheix et al., 1990) , which have demonstrated strong antioxidant activities in different model systems (Rice-Evans et al., 1995; Wang et al., 1997) . Citrus fruits exhibited intermediate antioxidant capacity, with orange as the most effective followed by grapefruit and lemon. This result is in agreement with the high concentrations of phenolic compounds and vitamin C (Gorinstein et al., 2001) in the extracts of above-mentioned fruits.
As far as the vegetables are concerned, the extract from red beet possessed the greatest antioxidant capacity, regardless the method used. The high TAC assigned to red beet is in agreement with Pellegrini et al. (2003) , whose ranking of TAC in vegetables was similar to our results. Red beet contains polyphenolic compounds able to react with the radical cation (TAS method). Onion exhibited an intermediate TAC. Fruits and vegetables contain antioxidant compounds, such as vitamins C, E, carotenoids, phenolic compounds (e.g. flavonoids). Levels of single antioxidants in food do not necessarily reflect their TAC; this also depends on the synergic and redox interactions among the different molecules present in the food. Certain antioxidants can be more effective than others even though they are present at much lower concentrations. For example tangerine is rich in carotenoids and vitamin C (Červená & Červený, 1994) . However, their TAC detected by both methods is quite low. The situation is similar also with kiwi fruit containing many times higher levels of vitamin C when compared with levels of this vitamin in blueberries and raspberries. However, kiwi's TAC is much lower than capacity in the above-mentioned fruit extracts. The same situation occurs in vegetables. Carrot with the highest levels of carotenoids (Červená & Červený, 1994) shows quite a low TAC. On the contrary, red beet, leek and Brussel sprout are the most effective radical scavengers. Foods with lower concentration of vitamin C and E but rich in other antioxidant compounds (flavonoids, folic acid, lipoic acid, selenium, chelating compounds) could show much higher TAC. This can result from their synergic action (Vinson et al., 2000) . The in vitro studies have shown that flavonoids are more effective peroxyl radical scavengers than e.g. Trolox or other low-molecular weight antioxidants because one molecule of flavonoids reacts with 6-9 peroxyl radicals while Trolox reacts with only 2 peroxyl radicals .
Interest in food phenolics has increased greatly because of the antioxidant and free radical-scavenging abilities associated with some phenolics and their potential effects on human health. In fact, in an in vitro oxidation model of heart disease in which LDL cholesterol oxidation was measured, Vinson et al. (1995) found that many flavonoids were considerably more potent antioxidants than vitamins C and E. Similar observations have been achieved by other investigators .
Thus, phytochemicals in fruits and vegetables may contribute more, quantitatively, to the total antioxidant activity of these foods than nutrient antioxidants. In fact, Wang et al. (1996) found that the total antioxidant activity of different fruits was actually very poorly correlated with their vitamin C content suggesting that other components, such as flavonoids, contribute significantly to total antioxidant activity. Among the 12 fruits studied, with the exception of kiwi fruit and honeydew melon, vitamin C likely contributed no more than 15% of the total antioxidant activity. Guo et al. (1997) reported on a strong correlation between the total number and content of phenolic acids and flavonoids and the antioxidant activity of a food. In agreement with these findings, Velioglu et al. (1998) found that among a variety of fruits, vegetables and grain products, total phenolic content was correlated with the antioxidant activity.
In the study by Velioglu et al. (1998) , the phenolic content of sweet cherries was higher than that of potatoes, sunflower seeds, wheat germ and flaxseed, but lower than that of red onions and blueberries. Also the antioxidant activity of sweet cherries was higher than that of potatoes, sunflower seeds and wheat germ. Interestingly, although the phenolic content of red onions and blueberries was approximately two and ten-fold higher than that of cherries, the antioxidant activity of cherries was only about 30% less than the activity of these foods.
There is evidence that higher intake of vitamin C and other antioxidants is associated with reduced risk of chronic diseases probably through antioxidant mechanisms (Padayatty et al., 2003) . We examined the effect of fruit and vegetable extracts on the oxidative damage to proteins. Extract of raspberries possessing very strong antioxidant ability determined by TAS and FRAP methods was also a very efficient inhibitor of oxidative damage to proteins. Our results are in accordance with those of Viljanen et al. (2004) , who investigated antioxidant activity of berry phenolics in a lactalbumin-liposome system. Bilberry and raspberry phenolics exhibited the best overall antioxidant activity toward protein oxidation. Extracts of white grapefruit, banana and plum were similar but less efficient inhibitors than the extract of raspberries. The extract from red grapefruit possessing the slightest ability to prevent the oxidative damage to proteins was a big surprise. Similarly, blueberry extract with highest antioxidant capacity was a weak inhibitor of the oxidative damage to proteins.
Concerning the vegetable extracts leek, Brussel sprout and cabbage were the most potent inhibitors of oxidative damage to proteins. These extracts are rich in vitamins C and E. Extract from red beet with highest TAC showed surprisingly low inhibitory activity against oxidative damage to plasma proteins.
Further follow-up studies are necessary to investigate the impact of consumed fruits and vegetables on the markers of oxidative damage to other biomolecules.
